Kinetic Inductance Detectors (KIDs) with frequency domain read-out are intrinsically very suitable to use as building blocks for very large arrays. KIDs therefore are an attractive detector option for the SAFARI instrument on SPICA, Millimetron and also for large scale ground based imaging arrays. To study the properties of large KID arrays we have fabricated 400 pixels array made from 40 nm thick Al films on high resistivity Si substrates. The array is tested in a dry dilution refrigerator at 100 mK. We present the device design and experimental results. We also present a new design of the array with lithographic air bridges over the coplanar waveguide feedline. The air bridges are designed to suppress the slot line mode in the feedline and that will improve the pixel to pixel reproducibility of large arrays.
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INTRODUCTION
SPICA (Space Infrared telescope for Cosmology and Astrophysics) [1] is an astronomical mission optimized for mid and far-infrared astronomy with a cryogenically cooled 3 m telescope, able to extend our investigation beyond the James Webb Space Telescope. Its high spatial resolution and unprecedented sensitivity in the mid and far infrared will address strategic problems of the present-day astronomy like star formation history of the Universe or planets formation. SPICA is proposed as a Japanese-led mission with an extensive international collaboration. The farinfrared instrument has been studied mostly by European Consortium and the instrument is named SAFARI (SPICA Far-Infrared Instrument).
The baseline optical configuration of SAFARI is an imaging Fourier Transform Spectrometer (FTS). Principal advantages of this type of spectrometer are:
• High mapping speed due to the spectral multiplexing.
• Ability to incorporate a photometric imaging mode.
• Operational flexibility to tailor the spectral resolution to the science programs.
The properties of the spectrometer (as scanning speed of the moving mirrors and required frequency resolution) set the speed of the detectors with a minimum response of 20 Hz. Quicker detectors would enable quicker scans and would be considered an advantage. For a Nyquist sampled diffraction limited observation, the load and hence the photon noise per pixel is constant, and given by the source and bandwidth of observation. . The instrument should cover as much as possible of the telescope field of view. The baseline specification gives 6000 pixels split into 3 bands of octave bandwidth (see Table 1 ). The requirements of 6000 pixels is 3 times larger than is actually done in space, while 2·10
-19 W/Hz 0.5 is an order of magnitude lower than currently optically demonstrated, even in current laboratory experiments. In order to meet the challenging requirements a study of different detector technologies was considered by the Consortium. In the current design stage the possible detector options are: Transition Edge Sensors (TESs), photoconductors, Si bolometers and KIDs [2] .
A very important and useful feature of the KIDs, technology that we are investigating, is the possibility to multiplex the read-out using frequency division multiplexing very easily. A factor of 10 6 would enable in principle to readout more than 10.000 resonators in one GHz bandwidth. For this purpose the study of the frequency spacing of the pixels is necessary and the pixel to pixel reproducibility is crucial. We have fabricated and characterized a 20x20 array for the 35-60 µm of SAFARI and the results are shown on the following sections. 
KINETIC INDUCTANCE DETECTORS
In a superconducting material electrons around the Fermi energy are paired into bosonic particles called Cooper pairs consisting each of 2 electrons with opposite spin that condensate into one macroscopic quantum state [3] . At nonzero temperature some thermally excited single particles remain, called quasiparticles, which behave in most ways as normal electrons. In the 2-fluid model a superconductor is described as a parallel circuit with a (kinetic) inductance due to the condensate and a resistive part due to any remaining quasiparticles. Hence the complex surface conductivity at non-zero frequencies reacts to an AC signal.
In a MKID, quasiparticles created by incident radiation are sensed by measuring the change in the surface impedance of a superconductor film where is the resistive term associated with the quasiparticles, and the kinetic inductance due to the Cooper pairs. This change is read-out by making the superconducting film part of a resonant circuit (see Figure 1) , capacitively coupled to a through line with the result that it will form a short circuit at resonance. The absorption of a photon causes the resonance center frequency to shift to lower values (due to the increase of , reduction in Cooper pairs) and to make the measured dip in the transmission smaller (due the increase of , quasiparticles number increase). Both effects together produce a phase change at the original resonance frequency . This phase change as a function of quasiparticles number is the signal we read-out to measure the absorption of a photon. 
DESIGN
For the study of the pixels frequency spacing, we have designed an array made only with resonator without antenna or absorber. The resonator consists of a superconducting coplanar waveguide (CPW) with a length of , where is the wavelength corresponding to the resonance frequency. In the resonator the central conductor is shorted at the far end to the ground plane and floating at the coupler end, where it is coupled capacitively to the through line by letting it run parallel with it (see Figure 2) . The length of the coupler and the distance between the through line and the part of the resonator running parallel with it determines the coupling of the resonator . The key for the operation of the MKID is the fact that the Q factor of the superconductor is determined by the ratio of the imaginary and real part of the complex surface inductance, which increases exponentially with decreasing the temperature. The array is 20 x 20 pixels with a designed of 600.000. The spacing between 2 pixels is 0.48 mm. The designed frequency spacing of the pixels is 1 MHz. The chosen superconductor material is Al that it has a low critical temperature TC and a long quasiparticles lifetime. The film of Al is 40 nm thick sputtered on high-resistivity Silicon substrate.
TEST
Testing KIDs requires cooling devices to temperature around 10% of their superconducting transition temperature. For aluminum resonator, the working temperature is about 100 mK. The tests were performed in a dry dilution refrigerator from Leiden Cryogenics in SRON Groningen. The read-out signal is brought inside the cryostat with coaxial cables. Four Copper-Nickel coaxial cables bring the signal from room temperature at the top of the cryostat to the 50K plate. The input signal goes through a cold 30 dB attenuator and DC block. After the 50 K plate niobiumtitanium coax are used to bring the signal to the cold stage because of them low thermal conductivity. Immediately and after the resonator are 80 GHz low pass filters. The resonators reside in a sample box inside a cryoperm magnetic shield. The sample box is designed to be light tight. In the output channel the signal is amplified by a lownoise 4-8 GHz HEMT cold amplifier from Yebes. The readout channel is completed by other 2 warm Miteq commercial amplifiers.
We measured the fraction of the transmitted power, denoted by S21, as a function of frequency using an IQ-mixer (see Figure 3) . A microwave frequency synthesizer creates a signal which is split in two by a microwave signal splitter. One copy goes into the LO port of an IQ mixer. The other copy goes through the cryostat, resonators and amplifiers back to the RF port of the IQ mixer. Ideally this detection scheme, called homodyne mixing because the same signal is used for the LO and RF, produces as an output value the real part of the transmission signal in the I channel and the imaginary part in the Q channel. In reality, the I and Q values we get from a real IQ mixer need to be scaled to account for the conversion losses of the channels and other imperfections (like phase balance and leakage) in order to get the calibrated data of the transmission. The use of the IQ mixer permits also the measurement of the noise and lifetime of the quasiparticles. 
RESULTS
We measured the S21 transmission as function of frequency at 100 mK. We made a power sweep in order to find the value of power on the KIDs level giving an high response without overdriven the resonators. The measurements are performed with a microwave power of -98 dBm at the resonator (see Figure 4) . We found all 400 pixels as we expected in a frequency range between 5.2 and 5.6 GHz. From the resonance dip bandwidth we can calculate the Q factor resonator using: (1) where the bandwidth 2 corresponds to the frequency difference between the 2 points in the resonance curve where S 21 is given by:
with the transmission of the KID at the resonance frequency. For an infinitely deep KID 0 and 1 2 ⁄ corresponding to a -3dB width measured down from the carrier amplitude. The measured Q can be expressed as a combination from the coupling and the factor associated with any other losses :
using the measured resonance feature and:
We can obtain Q c , Q and Q i . Note that Q c should be identical to the design Q factor. Q i is associated with losses in the resonator. This includes quasiparticles losses due to nonzero temperatures, radiation losses from the CPW; dielectric losses; losses in the film, including quasiparticles at high temperature or optical loading. In Figure 5 is shown the distribution of the , and and we can observe the mean value of the Q factor is 600.000 a value comparable to the designed one, but there is a large scatter on the Q factor and dip depth. The frequency spacing between pixels is 0.90 MHz with a 0.7 MHz scatter Gaussian like, value in agreement with the design one. That it is a good result, indicating that we are able to multiplex a thousand of pixels in 1 GHz bandwidth avoiding pixels loss. We repeated the measurements at different temperatures which showed the same behavior.
SIMULATION
In order to investigate the problem of scatter and improve the reproducibility of the frequency spacing we are performing a simulation using HFSS [5] . We have observed in the past that the presence of wire bonds in between the KIDs reduces the variation in factors. In the simulation the effect of air-bridges is studied and the optimum position on the array is also investigating. The use of lithographic air-bridges instead of wire bonds is obviously preferable because of reliability and reproducibility on the fabrication process.
In Figure 6 it is reported the model simulated in HFSS: it consists in a CPW feed line with 3 identical elbow couplers with 1 port each with and without 24 m air-bridges around the couplers. 
